Seedlings of winter wheat (Triticum aestivum L. cv. Kharkov MC 22) were grown at 24 C (unhardened) and 4 C (hardened). Indoleacetic acid (IAA) was added to excised coleoptile segments after lengthy incubation and their responses were determined by photometric auxanometry at both 25 C and 5 C. The segments' rates of uptake of 14C-IAA were abo compared at both temperatures. Cold hardening had no significant effect on the rates of elongation and uptake in a saturating concentration of IAA (2 to 10 FsM) at either temperature. Elongation was more sensitive to temperature of measurement than was uptake. At suboptimal concentrations of IAA and 25 C, hardened coleoptiles took up 12-14C]-IAA twice as fast but elongated half as fast as unhardened coleoptiles. This and the lack of effect of cold hardening on apparent uptake of [1_14CJ-IAA raised the possibility that a higher rate of IAAdecarboxylation was coupled with the higher rate of uptake of IAA by hardened coleoptiles. Homeostatic hormonal regulation was also evident in the same endogenons rates of elongation of segments of coldhardened and unhardened coleoptiles.
To examine further the well known (2) inverse relationship between growth and cold hardiness of plants, we constructed a photometric auxanometer (4) and showed that valid kinetic comparisons of the effects of added IAA can be made with replicates of 10 1-cm wheat coleoptile segments only during their steady phase of endogenous elongation in 0.01 M Kphosphate buffer at pH 5 (5) . Compared to unhardened (25 C) plants of wheat, cold-grown (4 C) wheat is stunted with small leaves and cells (2, 3) . The lower temperature decreased the maximum growth of Kharkov winter wheat by 79% and increased its freeze-resistance from -5 C to -17 C (3) . The possibility that the growth hormone IAA was decreased in tissues during cold hardening was examined by Tumanov and Trunova (7) (5) . Measurements started when a steady rate of growth was reestablished (4), which was 4 hr after their excision in experiments at 25 C, or after 12 hr at 5 C for both hardened and unhardened coleoptile segments.
Rates of uptake of IAA were determined from five measurements during 30 min of incubation in 1 or 6 gM IAA at either 25 C or 5 C, and these experiments were repeated three or four times. The growth rates, corrected by subtraction of the preresponse endogenous rates, were also obtained from at least three sets of data for each concentration of IAA reported.
RESULTS
Hardened coleoptile segments in the steady phase elongated at the same rate as unhardened coleoptiles, at either 25 C or 5 C, both endogenously and at optimal concentrations of IAA. At 25 C the endogenous rates were 6.5 + 2 g -min-' * cm-' for hardened segments and 4.9 + 1.6 u * min-' -cm-' for unhardened segments, and both elongated at 0. (Table II) and the rate of growth (Table I) by hardened coleoptiles to one-quarter and one-half. DISCUSSION Based on the time required to grow 2-to 2.5-cm coleoptiles on seedlings at 24 C and 4 C, the 20-degree reduction in temperature retarded the growth of seedlings in the dark by about 90%. The same reduction in temperature caused both hardened and unhardened coleoptile segments to decrease their elongation response to 10 ,uM added IAA by 86%. This is comparable to the formerly reported 79% decrease in lightsaturated vegetative growth of whole plants of Kharkov wheat at 4 C versus 24 C (3). The maximum rate of coleoptile elongation appeared to be reasonably dependent on the rate of uptake of IAA as the temperature-imposed decrease in rate of uptake was roughly 72% for hardened material and roughly 81% for unhardened material. These results are compatible both with the lack of significant differences between respiratory rates of shoot segments of Kharkov wheat grown at 24 C and 2 C, when measured within minutes of excision at either 24 C or 4 C, and with their 77% lower rates of respiration at 4 C than at 24 C (6) .
The present results show that low cultural temperature and the concomitant cold hardening of seedlings (6) did not influence the capacity of their coleoptile segments to absorb and to respond to IAA when supplied at optimal concentration (2) (3) (4) (5) (6) (7) (8) (9) (10) ,uM). In the presence of suboptimal ( In summary, the capacity of the cells to absorb and respond to IAA in unlimited supply was not changed by cold hardening; but, when the concentration of the added IAA limited the rate of its uptake, hardened tissues both absorbed it and apparently broke it down more rapidly than unhardened tissues. In this sense IAA metabolism seemed more sensitive in cold-hardened tissues, but whether or not the sensitivity of growth to IAA was affected depends on the resulting endogenous levels of IAA which we are currently estimating in our system.
